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Description
TECHNICAL FIELD

[0001] The object of the present invention is the rep-
resentation of a high-quality vectorial and textured graph-
ical environment, including, as the basis of this represen-
tation, the capturing of video and the sequencing of im-
ages and graphics in a vectorial format, provided by the
image-capturing means of the mobile device that imple-
ments the method. Furthermore, this is carried out by
placing said vectorial graphical environments in a pre-
determined geographic location and subordinating the
representation thereof to the real geographic location of
the mobile device.

[0002] Therefore, the present invention combines the
technical fields relating to virtual reality (VR), augmented
reality (AR) and geographiclocation through devices with
GPS technology, AGPS technology, WIFI technology,
ISSP technology, gyroscopes, accelerometers or any
other equivalent means.

PRIOR ART

[0003] It must be understood that virtual reality and
augmented reality practically go hand in hand since they
emerged. In 1950, Morton Heilig wrote about an "Expe-
rience Theater", which could accompany all the senses
in an effective manner, integrating the viewer with the
activity on the screen. He built a prototype called Senso-
rama in 1962, together with five short films that allowed
augmenting viewer experience through their senses
(sight, smell, touch, and hearing).

[0004] In 1968, lvan Sutherland, with the help of Bob
Sproull, built what would widely be considered the first
Head Mounted Display (HMD) for virtual reality and aug-
mented reality. It was very primitive in terms of user in-
terface and realism, and the HMD used by the user was
so large and heavy that it had to be hung from the ceiling,
and the graphics that they made of the virtual environ-
ment were simple "wire models". At the end of the 1980s
the term virtual reality was made famous by Jaron Lanier,
whose company created the first virtual reality gloves and
glasses.

[0005] The term augmented reality was introduced by
the researcher named Tom Caudell in Boeing, in 1992.
Caudell was hired to find an alternative to cabling boards
used by workers. He came up with the idea of special
glasses and virtual boards on generic real boards. This
is how it occurred to him that he was "augmenting" the
reality of the user.

[0006] Augmented reality is in its initial stages of de-
velopment and is being successfully implemented in
some areas, but it is expected that there will soon be
products on the mass market on a large scale. The basic
idea of augmented reality is to overlay graphics, audio
and others on a real environment in real time. Although
television stations have been doing same for decades,
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they do so with a still image that does not adjust to the
motion of the cameras.

[0007] Augmented reality is far superior to what has
been used on television, although initial versions of aug-
mented reality are currently shown at televised sporting
events to show importantinformation on the screen, such
as the names of the race car drivers, repetitions of con-
troversial plays or, primarily, to display advertisements.
These systems display graphics from only one viewpoint.
[0008] The main point in the development of AR is a
motion tracking system. From the start and up until now,
AR is supported on markers or a marker vector within
the field of vision of the cameras so that the computer
has a reference point on which to overlay the images.
These markers are predefined by the user and can be
exclusive pictograms for each image to be overlain, sim-
ple shapes, such as picture frames, or simply textures
within the field of vision.

[0009] Computingsystemsare much smarter nowthan
in relation to the foregoing, and are capable of recogniz-
ing simple shapes, such as the floor, chairs, tables, sim-
ple geometric shapes, such as, for example, a cell phone
on a table, or even the human body, the tracking system
being able to capture, for example, a closed fist and add
a virtual flower or laser saber to it.

[0010] Mobile technology has substantially revolution-
ized the use and needs required by AR. The capability
of last-generation mobile devices far exceeds what has
been explained previously and offers the possibility to
geographically locate the markers, thereby allowing a
new interpretation of AR and VR.

[0011] The use of augmented reality has changed
greatly since the advent of smart mobile devices and ac-
cess to said devices by most of the population around
the world due to the reduction of their manufacturing
costs and the support of telephony operating companies.
[0012] The potential of augmented reality in these de-
vices has not yet been fully exploited today because aug-
mented reality is limited to a few games developed for it,
the overlay of simple geolocated information (small icons
or tags) and last-generation GPS navigators (such as
Pioneer Cyber Navi ®).

[0013] These ready-to-use augmented reality provid-
ers, such as, for example, Vuforia® (of Qualcomm®) or
DART® in the GNU/GPL field, and ANDAR® or ARme-
dia® as payment providers, all, without exception, use
public libraries for augmented reality such as OpenCy,
ARToolKit or Atomic.

[0014] Almost all navigators based on GPS location
data, which furthermore represent virtual elements in a
real geolocated environment, use spherical mercator for-
mulas to establish fixed-sized grids and to position the
located point on these grids (represented in an image or
vectorial format). These systems involve the real time
downloading of data from the geographic grid provider
and the use of its positioning algorithms, the downloading
and representation of these elements considerably re-
duce performance since they use many memory and
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process resources in real time.

[0015] There are recent applications using the tech-
nologies described above for the representation of virtual
elements in a real environment, such as:

- Layar® (http://www.layar.com): focused on the rep-
resentation of icons and small vectorial objects indi-
cating the location of profiles within social networks
or pre-determined locations such as shops, muse-
ums, etc. Layar uses the Google Maps® geolocating
system and the augmented reality technology , pro-
vided by Vuforia®.

- ARmedia® (http://www.armedia.it): this augmented
reality provider represents complex vectorial objects
such as buildings or old constructions in pre-deter-
mined locations, but its representation quality is very
poor compared with that provided in the present in-
vention; it also uses Google Maps® technology for
the geolocation of its elements.

[0016] Hardware resource consumption of the mobile
device is very high in all the described technologies and
applications; if use of the image-capturing device is com-
bined with activation of the GPS device included in the
mobile device and the representation of virtual scenes
having intermediate complexity, performance drops ex-
ponentially.

[0017] One of the practical purposes of this invention
is to obtain atechnical environment adaptable to the char-
acteristics and features of any mobile device included in
the reference framework for displaying geographically lo-
cated and high-resolution AR/VR, without experiencing
any reduction of performance of the mobile device.
[0018] Patent document US2012293546 describes a
geographic location system based on multiple external
signals and a system for representation of augmented
reality based on physical markers integrating radio and/or
acoustic signals. The differences with the system of the
present invention are clear and defining in and of them-
selves both in the type of location calculation and in the
type of markers used for the representation of augmented
reality. The system of the present invention does not use
spherical mercator-type grid-based location calculations,
nor does it use physical markers for the representation
of augmented reality.

[0019] PatentdocumentUS2012268493 relates to the
presentation of augmented reality with vectorial graphics
from one or several physical markers and proposes so-
lutions for saving hardware resources of the device. The
differences with the system of the present invention are
clear and defining in and of themselves. The system of
the present invention does not use physical markers for
the representation of augmented reality, and the pro-
posed performance improvement of the present inven-
tion is dedicated to all devices within the defined frame-
work, not a single device.

[0020] PCT patent application WO03/102893 de-
scribes that the geographic location of mobile devices

10

15

20

25

30

35

40

45

50

55

can be established by methods based on alternative
communication networks. The difference with the system
of the present invention is clear, the type of location cal-
culation proposed in this patent is based on grid-based
location calculations. The system of the presentinvention
does not use spherical mercator-type grid-based location
calculations.

[0021] Patentdocument WO 2008/085443 uses meth-
ods of geographic location through radio frequency emit-
ters and receivers in the search forimproving geolocation
precision. The difference with the system of the present
invention is clear, the type of location calculation pro-
posed in this patent is based on grid-based location cal-
culations. The system of the present invention does not
use spherical mercator-type grid-based location calcula-
tions.

[0022] Finally, patent document US2012/0296564 es-
tablishes an advertising content guiding and location sys-
tem based on augmented reality and the representation
thereof through physical markers such as radio frequen-
cy or optical sensors. The differences with the system of
the present invention are clear and defining in and of
themselves both in the type of location calculation and
in the type of markers used for the representation of aug-
mented reality. The system of the present invention does
not use spherical mercator-type grid-based location cal-
culations, nor does it use physical markers for the rep-
resentation of augmented reality.

[0023] Obtaining atechnical environment adaptable to
the characteristics and features of any mobile telephone
for displaying geographically located and high-resolution
AR/VR without losing performance of the mobile device
is therefore a technical problem to be solved by the
present invention.

DISCLOSURE OF THE INVENTION

[0024] The objective of the invention is based on the
representation of the vectorial graphical environmentand
includes, as the basis of this representation, the capturing
of video, the sequencing of images or graphics in a vec-
torial format provided by the capturing device of the mo-
bile device, and subordinating the representation thereof
to the real geographic location of the mobile device.
Achieving this objective is paired with achieving these
two other objectives:

i) The geographic location of the mobile device with-
out using the resources provided by others, such as:

a. GPS navigation providers;

b. Geographic map and GPS marking providers.
c. GPS navigation grid providers.

All this without connection to Internet-type data
networks for downloading or directly using the
mentioned resources. This system enables di-
rect interaction with the represented vectorial
graphics through the touch screen or communi-
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cation interface with the hardware (HW) provid-
ed by the mobile device. These interactions al-
low both virtual navigation of the vectorial graph-
ical environment and direct action on the ele-
ments forming it.

ii) The representation of textured vectorial graphics
in real run time with the best quality that can be pro-
vided by the mobile device.

[0025] Through the set of processes described below,
the system allows managing the quality of the represent-
ed vectorial graphics, always subordinating this quality
to the capabilities and characteristics provided by the mo-
bile device, thus obtaining the best possible quality with-
out affecting fluidity of the graphical representation or of
the process of the system.

[0026] This set of processes in turn includes steps in-
tended for solving basic display problems in virtual envi-
ronments and the synchronization thereof with a real en-
vironment such as:

a) Scaling of the represented vectorial graphics tak-
ing into account the real environment in which rep-
resentation is intended.

b) The reduction of unnatural motion of the repre-
sented vectorial graphics in relation to the real syn-
chronization distance with the geographic location
thereof in the real environment.

[0027] As indicated in the state of the art, almost all
navigators based on GPS location use spherical merca-
tor formulas to establish fixed-sized grids and to position
the located point on these grids, represented in animage
or vectorial format. These systems involve the real time
downloading of data from the geographic grid provider
and the use of their positioning algorithms. This down-
loading and representation of these elements reduce the
performance of the mobile device.

[0028] Each of the previously described technologies
and processes, such as the AR technologies provided
by Vuforia® or ARmedia®, the geographic location tech-
nologies of Google Maps® or OSM (Open Street Map),
work in all mobile devices within the reference frame-
work, but in a separate manner. Precisely the combina-
tion of two or more systems is the biggest problem for
the capability of a mobile device, for correct data process-
ing.

[0029] Downloading data over the Internet for repre-
sentation, as well as the actual representation of the data
provided, involves a necessary wait conditioned by the
quality of reception and representation in the mobile de-
vice itself.

[0030] Upon adding the background process of the
GPS element, the wait to perform more processes on the
screen is longer until the data provided by same is avail-
able. With the three background processes, basic proc-
esses which include steps in a function tree such as the
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two-dimensional representation of grids provided by the
map provider, downloading same from the Internet and
waiting for GPS data, make the necessary two following
processes, i.e., the capturing of images in real time and
the representation of vectorial graphics, an authentic
challenge for any mobile device.

[0031] The technologies described sacrifice quality of
the representation of vectorial graphics. Nevertheless,
greater importance has been given to this step in the
present invention, such that greater accuracy of the ge-
ographic positioning data provided by the geographic lo-
cation elements can be obtained.

[0032] In the presentinvention, GPS location technol-
ogy has been dissociated through the following method,
comprising a first process in which the position vectors
in the local environment of the mobile device are found,
both of the device and of the group of polygons that it
must represent, and it then generates a difference be-
tween both.

[0033] This difference establishes three composite
variables and two simple variables from the composite
reference constant, such as length, altitude and height,
assigned to the group of polygons.

[0034] The variables of local position, distance from
the target group, the reverse calculation of GPS global
positioning, the environment parameters and the layer
numbering are assigned once the mobile device enters
the approach area, which is predefined around the rep-
resentation group.

[0035] By using raw data provided by the geographic
locating device without converting to grid systems, great-
er positioning accuracy is obtained. The use of this data
allows geographically locating an object or a group of
virtual objects at an exact point with reference to the cur-
rent position.

[0036] Once inthe established action area, the system
uses data of the geographic locating device, such as a
compass, gyroscope, ISSP or any other.

[0037] In a second process, the image-capturing de-
vice of the mobile device is activated and gives layer-
based representation orders, linking the layers to this or-
der. The representation order is provided by the differ-
ence established in the first process and determines the
quality of the represented element, its memory buffer as-
signment, its representation rate in Hz and its vertical
and horizontal synchronization, always giving priority to
the layer closest to the device and nil priority to the image
sequences captured by the camera of the device.
[0038] Finally, and once the Boolean representation
variable is established as true, the variables of the envi-
ronment of the first process are recorded, and post-
processing effects of the display will be adjusted in rela-
tion to these variables to adapt it to the performance of
the mobile device.

[0039] Throughoutthe description and claims the word
"comprises" and variants thereof do not seek to exclude
other technical features, additions, components or steps.
For the persons skilled in the art, other objects, advan-
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tages and features of the invention will be inferred in part
from the description and in part from putting the invention
into practice. The following examples and drawings are
provided by way of illustration and are not intended to
restrict the present invention. Furthermore, the present
invention covers all the possible combinations of partic-
ular and preferred embodiments herein indicated.

BRIEF DESCRIPTION OF THE DRAWINGS

[0040] A series of drawings which help to better under-
stand the invention and which are expressly related to
an embodiment of said invention provided as a non-lim-
iting example thereof is briefly described below.

[0041] Figure 1 shows a diagram of the portable elec-
tronic device implementing the present invention.

DETAILED DISCLOSURE OF AN EMBODIMENT OF
THE INVENTION

[0042] The presentinvention is implemented in a port-
able electronic device 100 which can be any device se-
lected from computers, tablets and mobile telephones,
although a preferred architecture for a mobile device is
shown in Figure 1. In general, any programmable com-
munications device can be configured as a device for the
present invention.

[0043] Figure 1 illustrates a portable electronic device
according to several embodiments of the invention. The
portable electronic device 100 of the invention includes
a memory 102, a memory controller 104, one or more
processing units 106 (CPU), a peripheral interface 108,
an RF circuit system 112, an audio circuit system 114, a
speaker 116, a microphone 118, an input/output (I/0)
subsystem 120, a touch screen 126, other input or control
devices 128 and an external port 148. These components
communicate with one another over one or more signal
communication buses or lines 110. The device 100 can
be any portable electronic device, including, though not
limited to, a laptop, a tablet, a mobile telephone, a mul-
timedia player, a personal digital assistant (PDA), or the
like, including a combination of two or more of these
items. It must be taking into account that the device 100
is only one example of a portable electronic device 100
and that the device 100 can have more or less compo-
nents than those shown, or a different configuration of
components. The different components shown in Figure
1 can be implemented in hardware, software or in a com-
bination of both, including one or more signal processing
and/or application-specific integrated circuits. Likewise,
the screen 126 has been defined as a touch screen, al-
though the invention can likewise be implemented in de-
vices with a standard screen.

[0044] The memory 102 can include a high-speed ran-
dom access memory and can also include a non-volatile
memory, such as one or more magnetic disc storage de-
vices, flash memory devices or other non-volatile solid
state memory devices. In some embodiments, the mem-
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ory 102 can furthermore include storage located remotely
with respect to the one or more processors 106, for ex-
ample, storage connected to a network which is ac-
cessed through the RF circuit system 112 or through the
external port 148 and a communications network (not
shown), such as the Internet, intranet(s), Local Area Net-
works (LAN), Wide Local Area Networks (WLAN), Stor-
age Area Networks (SAN) and others, or any of the suit-
able combinations thereof. Access to the memory 102
by other components of the device 100, such as the CPU
106 and the peripheral interface 108, can be controlled
by means of the memory controller 104.

[0045] The peripheral interface 108 connects the input
and output peripherals of the device to the CPU 106 and
the memory 102. One or more processors 106 run dif-
ferent software programs and/or instruction sets stored
in memory 102 for performing different functions of the
device 100 and for data processing.

[0046] In some embodiments, the peripheral interface
108, the CPU 106 and the memory controller 104 can be
implemented in a single chip, such as a chip 111. In other
embodiments, it can be implemented in several chips.
[0047] The RF (radio frequency) circuit system 112 re-
ceives and sends electromagnetic waves. The RF circuit
system 112 converts the electrical signals in electromag-
netic waves and vice versa and is communicated with
communications networks and other communication de-
vices through electromagnetic waves. The RF circuit sys-
tem 112 can include a widely known circuit system to
perform these functions, including, though not limited to,
an antenna system, an RF transceiver, one or more am-
plifiers, a tuner, one or more oscillators, a digital signal
processor, a set of CODEC chips, a card of Subscriber
Identity Module (SIM), amemory, etc. The RF circuit sys-
tem 112 can communicate with networks, such as the
Internet, also referred to as World Wide Web (WWW),
an Intranet and/or a wireless network, such as a cellular
telephone network, a Wireless Local Area Network (LAN)
and/or a Metropolitan Area Network (MAN) and with other
devices by means of wireless communication. Wireless
communication can use any of a plurality of communica-
tion standards, protocols and technologies, including,
though not limited to, the Global System for Mobile Com-
munications (GSM), the Enhanced Data Rates for GSM
Evolution (EDGE), Wideband Code Division Multiple Ac-
cess (W-CDMA), Code Division Multiple Access (CD-
MA), Time Division Multiple Access (TDMA), Bluetooth,
wireless access (Wi-Fi) (for example, IEEE 802.11a,
IEEE 802.11b, IEEE 802.11g and/or IEEE 802.11n),
Voice over IP (VolP) protocol, Wi-MAX, an electronic mail
protocol, instant messaging and/or Short Message Serv-
ice (SMS) or any other suitable communication protocol,
including communication protocols not yet developed as
of the date of filing this document.

[0048] The audio circuit system 114, speaker 116 and
microphone 118 provide an audio interface between a
user and the device 100. The audio circuit system 114
receives audio data from the peripheral interface 108,
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converts the audio data into an electrical signal and trans-
mits the electrical signal to the speaker 116. The speaker
converts the electrical signal into sound waves that are
audible for humans. The audio circuit system 114 also
receives electrical signals converted by the microphone
116 from sound waves. The audio circuit system 114
converts the electrical signal into audio data and trans-
mits the audio data to the peripheral interface 108 for
processing. The audio data can be recovered from and/or
transmitted to the memory 102 and/or the RF circuit sys-
tem 112 by means of the peripheral interface 108. In
some embodiments, the audio circuit system 114 also
includes a headset connection (not shown). The headset
connection provides an interface between the audio cir-
cuit system 114 and removable audio input/output pe-
ripherals, such as headsets having only output or a head-
set having both an output (earphones for one or both
ears) and an input (microphone).

[0049] The I/O subsystem 120 provides the interface
between the input/output peripherals of the device 100,
such as the touch screen 126 and other input/control de-
vices 128, and the peripheral interface 108. The I/O sub-
system 120 includes a touch screen controller 122 and
one or more input controllers 124 for other input or control
devices. The input controller or controllers 124 re-
ceives/receive / sends/send electrical signals from/to
other input or control devices 128. The otherinput/control
devices 128 can include physical buttons (for example
push buttons, toggle switches, etc.), dials, slide switches
and/or geographic locating means 201, such as GPS or
equivalent.

[0050] The touch screen 126 in this practical embodi-
ment provides both an output interface and an input in-
terface between the device and a user. The touch screen
controller 122 receives/sends electrical signals from/to
the touch screen 126. The touch screen 126 shows the
visual output to the user. The visual output can include
text, graphics, video and any combinations thereof. Part
or all of the visual output can correspond with user inter-
face objects, the additional details of which are described
below.

[0051] The touch screen 126 also accepts user inputs
based on the haptic or touch contact. The touch screen
126 forms a contact-sensitive surface accepting user in-
puts. The touch screen 126 and the touch screen con-
troller 122 (together with any of the associated modules
and/or instruction sets of the memory 102) detects con-
tact (and any motion or loss of contact) on the touch
screen 126 and converts the detected contact into inter-
action with user interface objects, such as one or more
programmable keys which are shown in the touch screen.
In one embodiment, by way of example, a point of contact
between the touch screen 126 and the user corresponds
with one or more of the user’s fingers. The touch screen
126 can use LCD (Liquid Crystal Display) technology or
LPD (Light-emitting Polymer Display) technology, al-
though other display technologies can be used in other
embodiments. The touch screen 126 and the touch
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screen controller 122 can detect contact and any motion
or lack thereof using any of a plurality of contact sensitivity
technologies, including, though not limited to, capacitive,
resistive, infrared and surface acoustic wave technolo-
gies, as well as other proximity sensor arrays or other
elements to determine one or more points of contact with
the touch screen 126.

[0052] The device 100 also includes a power supply
system 130 to power the different components. The pow-
er supply system 130 can include a power management
system, one or more power sources (for example batter-
ies, alternating current (AC)), a rechargeable system, a
power failure detection circuit, a power converter or in-
verter, a power state indicator (for example, a Light-emit-
ting Diode (LED)) and any other component associated
with the generation, management and distribution of
power in portable devices.

[0053] In some embodiments, the software compo-
nents include an operating system 132, a communication
module 134 (or instruction set), a contact/motion module
138 (orinstruction set), a graphic module 140 (or instruc-
tion set), a user interface state module 144 (or instruction
set) and one or more applications 146 (or instruction set).
[0054] The operating system 132 (for example, Dar-
win, RTXC, LINUX, UNIX, OS X, WINDOWS, or an em-
bedded operating system such as VxWorks), includes
different software components and/or controllers to con-
trol and manage general tasks of the system (for exam-
ple, memory management, storage device control, power
management, etc.) and make communication between
different hardware and software components easier.
[0055] The communication module 134 makes com-
munication with other devices easier through one or more
external ports 148 and also includes different software
components to manage data received by the RF circuit
system 112 and/or the external port 148. The external
port 148 (for example, a Universal Serial Bus (USB),
FIREWIRE, etc.) is suitable for being connected directly
to other devices or indirectly through a network (for ex-
ample, the Internet, wireless LAN, etc.).

[0056] The contact/motion module 138 detects contact
with the touch screen 126, together with the touch screen
controller 122. The contact/motion module 138 includes
different software components to perform different oper-
ations related to the detection of contact with the touch
screen 126, such as determining if contact has taken
place, determining if there is motion in the contact and
tracking the motion through the touch screen, and deter-
mining if contact has been interrupted (i.e., if contact has
stopped). The determination of motion of the point of con-
tact can include determining the speed (magnitude), ve-
locity (magnitude and direction) and/or acceleration (in-
cluding magnitude and/or direction) of the point of con-
tact. In some embodiments, the contact/motion module
126 and the touch screen controller 122 also detect con-
tact on the touch pad.

[0057] The graphic module 140 includes different soft-
ware components known for showing and displaying
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graphics on the touch screen 126. It should be taken into
account that the term "graphics" includes any object that
can be shown to a user including, though not limited to,
text, web pages, icons (such as user interface objects
including programmable keys), digital images, videos,
animations and the like.

[0058] In some embodiments, the graphic module 140
includes an optical intensity module 142. The optical in-
tensity module 142 controls the optical intensity of graph-
ic objects, such as user interface objects, shown in the
touch screen 126. The control of optical intensity can
include the increase or reduction of optical intensity of a
graphic object. In some embodiments, the increase or
reduction can follow pre-determined functions.

[0059] The user interface state module 144 controls
the user interface state of the device 100. The user in-
terface state module 144 can include a blocking module
150 and an unblocking module 152. The blocking module
detects fulfillment of any of one or more conditions for
making the transition of the device 100 to a user interface
blocked state and for making the transition of the device
100 to the blocked state. The unblocking module detects
fulfillment of any of one or more conditions for making
the transition of the device to a user interface unblocked
state and for making the transition of the device 100 to
the unblocked state.

[0060] The application or applications 130 can include
any application installed in the device 100, including,
though not limited to, a browser, an address book, con-
tacts, electronic mail, instant messaging, text processing,
keyboard emulations, graphic objects, JAVA applica-
tions, encryption, digital rights management, voice rec-
ognition, voice replication, capability of determining po-
sition (such as that provided by the global positioning
system (GPS)), a music player (which plays music re-
corded and stored in one or more files, such as MP3 or
AAC files), etc.

[0061] In some embodiments, the device 100 can in-
clude one or more optional optical sensors (not shown),
such as CMOS or CCD 200 image sensors, for use in
image formation applications.

[0062] Nevertheless, the indicated hardware structure
is one of the possible structures and it must be taken into
account that the device 100 can include other image-
capturing elements such as a camera, scanner, laser
marker or the combination of any of these types of de-
vices, which can provide the mobile device with repre-
sentation of the real environment in a video format, se-
quence of images, in a vectorial format or any type of
combination of the mentioned formats.

[0063] Likewise, the device 100 can include geograph-
ic locating devices based on the GPS positioning satellite
networks, geographic location assistance devices based
on GPS satellite networks and IP location of internet net-
works -AGPS-, geographic locating devices based on
triangulating radio signals provided by Wi-Fi antennas
and Bluetooth® devices (ISSP), the combination of any
of these mentioned devices or any type of device that
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allows providing the mobile device with numerical data
of the geographic location thereof.

[0064] The device 100 can include any type of element
capable of representing images in real time with a mini-
mum of 24 FPS (Frames Per Second) suchas TFT, TFT-
LED, TFT-OLED, TFT-Retina displays, the combination
of any of the aforementioned, in addition to new gener-
ation Holo-TFT, transparent and Micro-Projector dis-
plays or any device of graphical representation that can
provide the mobile device 100 with a way to represent
visual contents to the user.

[0065] The device 100 includes a processor or set of
processors which, alone or in combination with graphics
processors such as a GPU (Graphics Processing Unit)
or APU (Accelerated Processing Unit) can provide the
mobile device 100 with the capability of representing vec-
torial graphics in real run time and using them to form
textured polygons through vectorial representation librar-
ies (sets of standard graphical representation proce-
dures for different platforms), such as OpenGL, DirectX
or any type of libraries intended for this purpose.

[0066] The first process comprised in the method ob-
ject of the invention consists of geographically locating
the mobile device, with the highest precision and accu-
racy allowed by the GPS positioning satellite networks,
without using resources provided by others, suchas GPS
navigation providers, geographic map and GPS marking
providers, GPS navigation grid providers, and without
needing to connect to internet networks for downloading
or direct use of the mentioned resources.

[0067] This first method enables direct interaction with
the represented vectorial graphics, through the touch
screen 126 or the communication interface with the hard-
ware provided by the mobile device 100. Interactions that
allow both virtual navigation of the vectorial graphical en-
vironment and direct action on the elements forming it,
in turn establishing basic variables for operating the re-
maining steps.

Step of geographically locating virtual environments

[0068] The device 100 is configured for assigning po-
sition vectors in the virtual environment of the device 100,
establishing the non-defined composite variable of the
mobile device Vector3 (a, b, ¢) and the defined composite
variable Vector3 (LonX, LatY, AltZ), pre-determined by
the geographic coordinates of the polygonal group that
must be represented, converting it into Vector3
(LonPosX, LatPosY, AltPosZ) from the data delivered by
the geographic locating device 201 included in the mobile
device 100.

[0069] The variables are defined as:

- LonPosX = ((LonX+180)/360)x LonN;

- Where LonN is a constant established by the
camera’s field of vision (FOV).
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- LatPosY = ((LatY +(180xNS))/360)xLatN;
- Where LatN is a constant established by the
camera’s FOV; and
- NS is a variable of North/South hemisphere.
- AltPosZ = AltZ x AltN;

- Where AliN is a constant established by the
camera’s FOV.

- a=((GPSx+180)/360) x LonN;

- Where GPSx is a floating value established by
the GPS of the mobile device.

- b= ((GPSy+(180xNS))/360) x LatN;

Where GPSy is a floating value established by
the GPS of the mobile device; and
- NS is a variable of North/South hemisphere.

- ¢ =GPSz x AltN;

- Where GPSz is a floating value established by
the GPS of the mobile device.

Step of interacting with the vectorial elements making up
a virtual scene

[0070] After the preceding step a difference of the
group of vectorial polygons with the mobile device is es-
tablished:

- Pos (PosX, PosY, PosZ) = Vector3 (LonPosX, Lat-
PosY, AltPosZ) - Vector3 (a,b,c)

[0071] This difference establishes three composite
variables and two simple variables, where:

- Position is the composite variable of movement of
the mobile device in the virtual environment.

- ARP is the composite variable defining the radius of
the representation area of the virtual environment
with reference to the mobile device.

- Loc is the composite variable defining the reverse
calculation of real GPS global positioning of the

group.

[0072] In this step, a position vector of movement at
run time is provided and assigned to the transformation
of motion of the mobile device with reference to the group
of polygons:

- Position = Pos (PosX, PosY, PosZ).

[0073] The defined approach and representation area
is established:
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- ART = Vector3 (LonPosX, LatPosY, AltPosZ) -
Vector3 (a, b, ¢)

- ARF =Vector3 (a, b, ¢)

- ARP = (ART - ARF) x Ar;

- Where Ar is the defined value of the distance
from the group.

[0074] The calculation of the transformation to the vir-
tual environment of the group of polygons is then ob-
tained and the reverse operation is applied to assure that
its real geographic location with reference to the real ge-
ographic location of the mobile device is correct, and rep-
resentation security control is established.

- Loc=(((((a + ART.X) / LonN) x 360) - 180), ((((b +
ART.Y) / LatN) x 360) - (180 x NS)), ((c + ART.Z) /
AltN))

- Where RPO is the simple Boolean variable providing
the true or false value of representation; and where

- RPC is the simple Boolean variable providing the
true or false value of layer assignment.

Step of assigning layer numbering

[0075] Once the device 100 enters the predefined ap-
proach area, around the representation group, variables
of layer numbering are assigned, where:

- CO0 =Pos (PosX, PosY, PosZ);

- This layer is assigned to the image-capturing
device 200.

- C1=Pos (PosX, PosY, PosZ) - ARP/4.
- C2=Pos (PosX, PosY, PosZ) - ARP/2.
- C3=Pos (PosX, PosY, PosZ) - ARP; -

- This is the priority representation layer.

[0076] The second process of the invention consists
of the representation of textured vectorial graphics in real
run time, with the best possible quality provided by the
mobile device 100.

[0077] This process includes the steps intended for
solving basic display problems in virtual environments
and the synchronization thereof with a real environment
such as:

- Scaling of the represented vectorial graphics taking
into account the real environment in which represen-
tation is intended.

- The reduction of motion of the represented vectorial
graphics in relation to the real synchronization dis-
tance with the geographic location thereof in the real
environment.

[0078] This second process is what allows, in different
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aspects of the representation of the virtual environments,
helping to provide visual coherence with the real envi-
ronment in which they must be represented.

Step of independent representation of scenes with vec-
torial content

[0079] Usingthe native executable statements of each
mobile device 100, the image-capturing device 200 or
vectorial data thereofis activated and the variable of layer
"CQ" is assigned, thus establishing the sampling rate in
Hertz, frames per second and image-capturing resolution
(in pixels per inch) of the capturing device.

[0080] The previously described values are subse-
quently assigned to the capturing device, which allows
adjusting its efficiency with reference to the representa-
tion of the largest amount of polygons and textures pos-
sible that the mobile device 100 allows obtaining.
[0081] Depending on the approach to the objective,
the frames per second that the capturing device must
provide, the sampling thereof in Hertz and capture res-
olution, for maximum optimization, decrease or increase
through a value with established maximums and mini-
mums. These values are dependent on the variable es-
tablished by the difference of the layer closest to the mo-
bile device and the layer farthest away from same.

- Cam=C3-Co0.

[0082] Through the use of the overlay of layers, an
amount of RAM memory resources and an independent
representation priority are assigned to each of them, with-
out needing to represent all of them in an array.

[0083] The method then proceeds to synchronization
thereof by means of the difference calculated in the first
method, established by variables C1, C2, C3, where C3
would correspond to the layer with the highest represen-
tation priority.

Step of managing hardware resources of the mobile de-
vice 100

[0084] This step allows managing the quality of repre-
sented vectorial graphics, always subordinating this
quality to the capabilities and characteristics provided by
the mobile device 100, thus obtaining the highest avail-
able quality without affecting fluidity of the graphical rep-
resentation or of the process of the system.

[0085] The values of layer are subjected to a summa-
tion thereof and a variable multiplied by the defined con-
stant of the hardware of the device HW = High (3), Me-
dium (2), Low (1) is extracted, where:

- Quality =(C0+C1+C2+C3)x HW
[0086] This formula will determine the amount of pol-

ygons and the maximum size of the textures that the de-
vice must process in real run time from constraints.
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Therefore, for example, if Quality >= 100... then...PC3 =
100,000 polygons, TC3 = 512 x 512 pixels.

[0087] The amountof polygons and size ofthe textures
shown in the scene depends on the distance of the po-
lygonal group in relation to the mobile device 100, sub-
tracting the amount of polygons and size of textures from
the remaining lower layers, the closer the mobile device
100 is to the group of geographically located polygons.
[0088] Therefore, the closer the mobile device is to the
group of geographically located polygons, the larger the
amount of polygons and size of textures could be as-
signed to the layer C3 or priority representation layer.

Step of solving basic display problems in virtual environ-
ments

[0089] From:

- The difference established in the step of interacting
with the vectorial elements making up a virtual
scene, and the position:

Pos (PosX, PosY, PosZ) = Vector3 (LonPosX,
LatPosY, AltPosZ) - Vector3 (a,b,c)

- The variable Position; and
- The value obtained by the variable ARP;

the camera’s FOV in real run time is calculated to syn-
chronize the display of the real environment, captured
by the capturing device of the mobile device, with the
representation of the virtual environment.

- Rfov = (Position - ARP) / Cfov;

- Where Cfov is the adjustment constant of the
FOV.

[0090] Use parameters are then established, limiting
them to a pre-determined maximum and a minimum
through constraints.

- If Rfov < = RfovMax then Rfov = RfovMax.
- If Rfov > = RfovMin then Rfov = RfovMin.

[0091] This system implies a clear difference with re-
spect to the previously mentioned systems within the
technologies applied to mobile devices based on tech-
nologies belonging to others, technologies which, sepa-
rately, already use available hardware resources of the
mobile device for both representing augmented or virtual
reality and for geographically locating virtual elements.
Without obtaining the representation quality or geograph-
ic location accuracy that is obtained by the system of the
present invention based on the described methods.

[0092] The process of the invention allows obtaining
better quality of the virtual environments represented and
located with the highest accuracy provided by GPS po-
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sitioning satellites, for all the mobile devices available on
the market within the reference framework, and it allows
operation that does not depend on the need to connect
to the Internet to use it.

Claims

1. A method for the representation of geographically
located virtual environments of
a mobile device (100) comprising
a first process comprising the steps of:

finding out the position vectors in the local envi-
ronment of the mobile device, both of the device
(100) and of the group of polygons that it must
represent;

generating a difference between the position
vectors of the device and of the polygon, where
composite and simple variables are established
from the composite reference constant: length,
altitude and height, assigned to a group of pol-
ygons;

assigning the variables of local position, dis-
tance from the target group, the reverse calcu-
lation of GPS global positioning, the environ-
ment parameters and

the layer numbering, once the mobile device
(100) enters the approach area, which is prede-
fined around the representation group; and

a second process comprising the steps of:

activating the image-capturing device (200)
of the mobile device (100);

giving layer-based representation orders,
linking the layers to this order; where the
representation order is provided by the dif-
ference established in the first process and
determines the quality of the represented
element, its memory buffer assignment, its
representation rate in Hz and its vertical and
horizontal synchronization, giving priority to
the layer closest to the device and nil priority
to the captured image sequences;

and where once the Boolean representation
variable is established as true, the variables
of the environment of the first process are
recorded, and in relation to these variables
the post-processing effects of the display
are adjusted to adapt it to the performance
of the mobile device (100).

2. The method of claim 1, wherein a non-defined com-
posite variable of the mobile device Vector3 (a, b, c)
and the defined composite variable Vector3 (LonX,
LatY, AltZ), pre-determined by the geographic coor-
dinates of the polygonal group that must be repre-
sented, converting it into Vector3 (LonPosX, LatPo-
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10

sY, AltPosZ), is established from the data delivered
by the geographic locating device (201) included in
the mobile device (100).

The method of any of claims 1-2, wherein the differ-
ence of the group of vectorial polygons with the mo-
bile device is defined as:

Pos (PosX, PosY, PosZ) = Vector3 (LonPosX,
LatPosY, AltPosZ) - Vector3 (a,b,c);

providing a position vector of movement at run
time and assigning it to the transformation of mo-
tion of the mobile device with reference to the
group of polygons.

4. The method according to any of claims 1-3, wherein

the difference establishes three composite variables
(Pos, ARP, Loc) and two simple variables, where

- position is a composite variable of movement
of the mobile device in the virtual environment:

- position = Pos (PosX, PosY, PosZ);

- ARP is a composite variable defining the radius
of the representation area of the virtual environ-
ment with reference to the mobile device:

- ARP = (ART - ARF) x Ar;

where:

= ART = Vector3 (LonPosX, LatPosY, Al-
tPosZ) - Vector3 (a, b, c)

= ARF = Vector3 (a, b, ¢); and

= Aris the defined value of the distance
from the group

-Locis a composite variable defining the reverse
calculation of the real GPS global positioning of
the group:

-Loc = (((((a + ART.X) / LonN) x 360) - 180),
((((b + ART.Y) / LatN) x 360) - (180 x NS)),
((c + ART.Z) / AltN))

= where RPO is the simple Boolean
variable providing the true or false val-
ue of representation; and

= where RPC is the simple Boolean
variable providing the true or false val-
ue of layer assignment.

The method according to any of claims 1-4, wherein
once the device (100) enters the predefined ap-
proach area, around the representation group, the
variables of layer numbering are assigned, where:

- CO = Pos (PosX, PosY, PosZ);
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- this layer is assigned to the image-captur-
ing device 200;

- C1 = Pos (PosX, PosY, PosZ) - ARP/4;
- C2 = Pos (PosX, PosY, PosZ) - ARP/2;
- C3 = Pos (PosX, PosY, PosZ) - ARP;

- this is the priority representation layer.

The method according to any of claims 1-5, wherein
the second process comprises the step of activating
the image-capturing device 200 or vectorial data
thereof and assigning a variable of layer CO, thus
establishing the sampling rate in Hertz, frames per
second and image-capturing resolution in pixels per
inch of the capturing device, where these values are
dependent on the variable established by the differ-
ence of the layer closest to the mobile device C3 and
the layer farthest away from same CO; and assigning
the previously described values to the capturing de-
vice.

The method according to any of claims 1-6, wherein
starting from:

the established difference

Pos (PosX, PosY, PosZ) = Vector3 (LonPosX,
LatPosY, AltPosZ) - Vector3 (a,b,c)

the variable position; and

the value obtained by the variable ARP;

the field of vision of the camera in real run time
is calculated to synchronize the display of the
real environment, captured by the capturing de-
vice of the mobile device, with the representation
of the virtual environment, where Rfov = (Posi-
tion - ARP) / Cfov;

where Cfov is the adjustment constant of the
field of vision;

and where the use parameters are subsequently
established, limiting them to a pre-determined
maximum and a pre-determined minimum
through constraints if Rfov < = RfovMax then
Rfov = RfovMax;

if Rfov > = RfovMin then Rfov = RfovMin.

8. A mobile device (100) comprising:

data display means (126);

one or more processors (106);

a memory (102); and

one or more programs (132 to 146) in which the
program or programs are stored in memory
(102) and configured for being run by means of
the processor or processors (106), the programs
(132 to 146) including instructions for:

finding out the position vectors in the envi-
ronment of the device (100) as well as the
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position vectors of the group of polygons
that it must represent;

generating a difference between the posi-
tion vectors of the device and of the polygon,
where composite and simple variables are
established from the composite reference
constant: length, altitude and height, as-
signed to a group of polygons;

assigning the variables of local position, dis-
tance from the target group, the reverse cal-
culation of GPS global positioning, the en-
vironment parameters and the layer num-
bering, once the mobile device (100) enters
the approach area, which is predefined
around the representation group;
activating an image-capturing device (200)
of the mobile device (100);

giving layer-based representation orders,
linking the layers to this order; where the
representation order is provided by the dif-
ference established in the first process and
determines the quality of the represented
element, its memory buffer assignment, its
representation rate in Hz and its vertical and
horizontal synchronization, giving priority to
the layer closest to the device and nil priority
to the captured image sequences;

and adjusting the post-processing effects of
the display to adapt it to the performance of
the mobile device (100).

A computer program product with instructions con-
figured for being run by one or more processors (106)
which, when run by the device (100) of claim 8, make
the device (100) perform the method according to
any of claims 1-7.
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